

CHARGE CHARACTERISTIC COMPENSATING CIROTIT FOR LIQUID 



Field of the Invention 

This invention relates to a drive circuit for a liquid crystal display 
panel having thin film transistors (TFT's) switching a data signal to be 
applied to a liquid crystal cell, and more particularly to a TFT charge 
characteristic compensating circuit for maintaining a constant charge 
characteristic of a liquid crystal cell despite changes in ambient 
temperature. 

Description of the Related Art 

Generally, a liquid crystal display (LCD) panel includes liquid crystal 
cells, which respond to a voltage level of a data signal to control a light 
transmissivity, and thin film transistors (TFTs) for switching the data signal 
to be applied to each liquid crystal cell. The TFT's on the LCD panel have 
resistance values that decrease gradually as the ambient temperature 
increases. Also, the liquid crystal cells have a dielectric constant that 
increases gradually as the ambient temperature increases. 

Since both the resistance values of the TFT's and the dielectric 
constant of the liquid crystal cells change as the ambient temperature 
changes, the amount of electric charge in the liquid crystal cell, via the TFT, 
also changes as the ambient temperature changes. This in turn causes the 
light transmission response of the liquid crystal cell to change with 
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temperature as welrr Thus, as the ambient temperatu^varies, the quality 

of the image displayed from the LCD panel deteriorates. 

A conventional driving apparatus for an LCD panel is shown in Fig. 1 . 

The conventional LCD panel driving apparatus includes a DC voltage 
5 converter 12, a gate line driver 14, and an LCD panel 10. The LCD panel 10 

has a liquid crystal cell CLC positioned at an intersection between the a line 

GL and a data line DL, and a TFT MN connected among the liquid crystal 

cell CLC and the gate and data lines GL and DL. The liquid crystal cell CLC 

and the TFT MN are arranged in a matrix. 
10 The DC voltage converter 12 supplies DC voltages required for the gate 

ijj line driver 14. The DC voltage converter 12 receives a DC voltage Vd via a 

=jp power input line 11 from a power supply (not shown). Also, the DC voltage 

rf converter 12 outputs a high-level gate voltage Vgh and a low-level gate 

™ voltage Vgl. The high-level gate voltage Vgh is applied, via a first resistor Rl, 

j§> to the gate line driver 14 and the low-level gate voltage Vgl is applied, via a 

nl 

fU second resistor R2, to the gate line driver 14 as well. 

O The gate line driver 14 alternates driving the gate line GL with a high 

level voltage and a low-level gate voltage. When the high level voltage is 
applied, the TFT MN turns on to apply a data signal on the data line DL to 

20 the liquid crystal cell CLC. The liquid crystal cell CLC is charged by the data 

signal while the TFT MN is on. 

The high level voltage applied to the gate line GL is constant 
regardless of the ambient temperature. However, because the TFT MN in 
the LCD panel 10 responds differently as the ambient temperature changes, 

25 the liquid crystal cell CLC is charged differently as the temperature changes 
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as well. As noted Iroove, this in turn creates a chan^ffg response of the 
light transmission of the liquid crystal cell CLC. Accordingly, the quality of 
the image displayed from the LCD panel deteriorates as the ambient 
temperature changes. 

5 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to provide a charge 
characteristic compensating circuit for a liquid crystal display panel that is 
capable of constantly maintaining a charge characteristic of the liquid 

10 crystal display panel independently of temperature variations to prevent 

3 deterioration of images displayed. 

Jp In order to achieve these and other objects of the invention, a charge 

W characteristic compensating circuit for a liquid crystal display panel 

^ according to an embodiment of the present invention includes a voltage 

j§ supply for generating a gate voltage required for the gate lines; a gate line 

fLJ driver for applying the gate voltage from the voltage supply to the gate lines 

O to drive the gate lines; and a current controller for responding to a change in 

the ambient temperature to change an amount of current of the gate voltage 
to be applied from the voltage supply to the gate line driver. 
20 A charge characteristic compensating circuit for a liquid crystal 

display panel according to another embodiment of the present invention 
includes a voltage supply for generating a gate voltage required^for the gate 
lines; a gate line driver for applying the gate voltage from the voltage supply 
to the gate lines to drive the gate lines; and a current controller for 
25 responding to a change in the ambient temperature to change a voltage level 
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_ ^ be applied from the voltage supply to the gate line 

driver. 

Another aspect of the charge characteristic compensating circuit for a 
liquid crystal display includes a voltage converter generating a high level 
gate voltage; a gate line controller receiving the high level gate voltage from 
the voltage converter and supplying a controlling signal that varies as an 
ambient temperature varies; and a gate line driver receiving the controlling 
signal from said gate line controller and driving a gate line. 

Also a method to compensate for a charge characteristic of a liquid 
crystal display panel includes supplying a controlling signal that varies as 
an ambient temperature varies and driving a gate line according to the 
controlling signal. 



BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects of the invention will be apparent from the 
following detailed description of the embodiments of the present invention 
with reference to the accompanying drawings, in which: 

Fig. 1 is a schematic block diagram showing a configuration of a 
conventional gate line driving apparatus for a liquid crystal display panel; 

Fig. 2 is a block circuit diagram of a gate line driving apparatus for a 
liquid crystal display panel employing which a charge characteristic 
compensating circuit for the liquid crystal display panel according to an 
embodiment of the present invention; 

Fig. 3 is a graph for explaining a charge characteristic of the liquid 
crystal display panel in Fig. 2; 
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chematic view of another example of the gate line 

controller of Fig. 2; 

Fig. 5 is a block circuit diagram of a gate line driving apparatus for a 
liquid crystal display panel employing which a charge characteristic 
5 compensating circuit for the liquid crystal display panel according to 

another embodiment of the present invention; and 

Figs. 6 and 7 are schematic views of other examples of the gate line 
controller of Fig. 5. 

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

S A driving apparatus for a liquid crystal display (LCD) panel employing 

=p a charge characteristic compensating circuit for the LCD panel according to 

^ an embodiment of the present invention is shown in Fig. 2. The driving 

^ apparatus includes a DC voltage converter 22, a gate line controller 26, a 

i§ gate line driver 24, and an LCD panel 20. The LCD panel 20 has a liquid 

— : s 

I y 

fU crystal cell CLC positioned at an intersection between a gate line GL and a 

O data line DL, and a TFT MN connected among the liquid crystal cell CLC and 

the gate and data lines GL and DL. The liquid crystal cell CLC and the TFT 
MN are arranged in a matrix. 

20 The DC voltage converter 22 receives a DC voltage Vd via a power 

input line 21 from a power supply (not shown), and generates a high-level 
gate voltage Vgh and a low-level gate voltage Vgl in response to the Vd 
voltage. The high-level gate voltage Vgh is applied, via a gate line controller 
26, to the gate line driver 24 while the low-level gate voltage Vgl is applied, 

25 via a first resistor Rl, also to the gate line driver 24. 
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The gate line^river 24 alternates driving the gate line GL with the 
high level voltage and a low level voltage in response to Vgh and Vgl. When 
the high level voltage is applied to the gate line GL, the TFT MN turns on to 
apply a data signal from the data line DL to the liquid crystal cell CLC. The 
5 liquid crystal cell CLC is charged by the data signal while the TFT MN is on. 

As noted above, Vgh is applied to the gate line driver 24 via the gate 
line controller 26. In this aspect, the gate line controller 26 acts as a 
current controller controlling the amount of current supplied to the gate line 
driver 24. The gate line controller 26 includes a second resistor R2 and a 
10 thermistor THR connected in parallel between the DC voltage converter 22 

^ and the gate line driver 24. The parallel connection of the second resistor 

jp R2 and the thermistor THR changes the output impedance of the DC voltage 

U converter 22 in accordance with the temperature change. 

" More specifically, as the ambient temperature rises, the resistance of 

IJ$ the thermistor THR increases. The resistance of the thermistor may THR be 

ry greater than the resistance of R2. The increased resistance of the thermistor 

O THR increases the equivalent resistance of the gate line controller 26 and 

thus decreases the amount of current when the signal Vgh is applied to the 

gate line driver 24. 

20 On the other hand, as the ambient temperature drops, the resistance 

of the thermistor THR decreases. The resistance of the thermistor THR may 
be less than the resistance of R2. The decreased resistance of the 
thermistor THR decreases the equivalent resistance of the gate line 
controller 26 and thus increases the amount of current when the signal Vgh 

25 is applied is applied to the gate line driver 24. 
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In this instance, a positive temperature coefficien^hermistor, i.e., a 
thermistor whose resistance increases as the ambient temperature 
increases, can be used. 

A charge characteristic of the liquid crystal cell CLC varies according 
5 to an amount of current applied to the gate line GL. In Fig 3, the charge 

characteristic of the CLC is shown when high-level gate voltage signal Vgh is 
output from. 

As noted previously, the resistance of the TFT MN decreases as the 
ambient temperature increases causing the response of the CLC to change 
10 as well. In Fig. 3, this is shown by the charge characteristic line 32 in the 

^ temperature region TA2. To compensate, the size of current path from the 

^ data line DL through the TFT MN to the CLC needs to be reduced. This is 

W accomplished by reducing the amount of current supplied to the gate line 

W GL. 

if In Fig. 2, the resistance of the gate line controller 26 increases as the 

fy ambient temperature increases due to the positive temperature coefficient 

Q thermistor THR. The increase in resistance leads to less current being 

supplied to the gate line driver 24 and consequently to the gate line GL. 
This in turn causes a reduction in the size of the current path from the data 
20 line DL to the CLC via the TFT MN. 

As shown in Fig. 3, as the current path narrows, the effect is to 
decrease the charge characteristic as shown by the characteristic line 30 in 
temperature area TA2. Thus the data signal from the data line to the liquid 
crystal cell CLC is attenuated and compensates for the decreasing resistance 
25 of the TFT MN. 
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In other words; as the ambient temperature rises;the natural charge 
characteristic would be as shown by the characteristic line 32 in Fig. 3 in 
the temperature region TA2. However, the compensation circuit reduces the 
voltage level of Vgh applied to the gate line GL by reducing the amount of 
5 current applied to the gate line driver 24, as shown by the characteristic line 

30. The end result is that a constant charge characteristic is maintained, as 
shown by characteristic line 34, which is the charge characteristic of the 
CLC at room temperature. 

On the other hand, the resistance of the TFT MN increases as the 

10 ambient temperature decreases. The charge characteristic of the CLC is 

O 

shown by characteristic line 32 in temperature region TA1 of Fig. 3. To 
J; compensate, the current path from the data line DL through the TFT MN to 

=y the CLC needs to be increased. This is accomplished by increasing the 

" amount of current supplied to the gate line GL. 

t§ As seen in Fig. 2, the equivalent resistance of the gate line controller 

nj 26 decreases as the ambient temperature decreases. This decrease in 

O resistance leads to more current to be supplied to the gate line driver 24 and 

consequently to the gate line GL. This in turn causes a widening in the 
current path from the data line DL to the CLC via the TFT MN. 
20 As shown in Fig. 3, when the current path widens, the charge 

characteristic of the CLC increases like the characteristic line 30 in 
temperature area TA1. Thus the data signal to the liquid crystal cell CLC is 
increased and compensates for the increased resistance of the TFT MN. 

In other words, as the ambient temperature falls, the natural charge 
25 characteristic would be as shown by the characteristic line 32 in Fig. 3 in 
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the temperature region TA1. However, the compensation circuit increases 
the high level voltage applied to the gate line GL by increasing the amount of 
current applied to the gate line driver 24, as shown by the characteristic line 
30. The end result is that a constant charge characteristic is maintained, as 
5 shown by characteristic line 34. 

As described above, the amount of current supplied to the gate line 
driver 24, when applying Vgh, is changed to maintain the charge 
characteristic of the liquid crystal cell CLC. This in turn allows the light 
transmission response of the CLC to be independent of the ambient 
10 temperature, and thus prevent image display deterioration. 

2 Fig. 4 shows another example of the gate line controller 26 in Fig. 2. 

4= The gate line controller 26 of Fig. 4 includes a second resistor R2 and 

W thermistor THR connected, in series, between the DC voltage converter 22 

~* and the gate line driver 24. Again, a positive temperature coefficient 

fi$ thermistor is used. 

nj Like Fig. 2, the equivalent resistance of the gate line controller 26 

O rises and falls as the ambient temperature rises and falls, respectively. 

Thus, the amount of current supplied to the gate line driver 24 is reduced or 
increased, respectively, allowing the charge characteristic of the CLC to be 

20 maintained, as previously described. 

In Fig. 5, a driving apparatus for an LCD panel employing a charge 
characteristic compensating circuit according to another embodiment is 
shown. In this embodiment, a negative temperature coefficient thermistor, 
i.e., a thermistor whose resistance decreases as the ambient temperature 

25 increases, is used. 
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The LCD parfei driving apparatus includes a DC voltage converter 22, 
a gate line controller 28, a gate line driver 24, and an LCD panel 20. The 
DC voltage controller 22, the gate line drive 24, and the LCD panel 20 are 
similar to the components described in Fig. 2, and therefore the detailed 
description regarding these components will be omitted. 

Note that the high-level gate voltage Vgh is applied, via a gate line 
controller 28, to the gate line driver 24, while the low-level gate voltage Vgl 
being applied, via a first resistor Rl, also to the gate line driver 24. In this 
aspect, the gate line controller 28 acts as a voltage controller controlling the 
level of voltage supplied to the gate line driver 24. 

The gate line controller 28 includes a second resistor R2 and a 
thermistor THR. The second resistor R2 is connected between the DC 
voltage converter 22 and the gate line driver 24, and the thermistor THR is 
connected between a connection node between the second resistor R2 and 
an input line of the gate line driver 24 and a ground voltage line GNDL. 

The second resistor R2 and the thermistor THR act as a voltage 
divider of the high-level gate voltage Vgh from the DC voltage converter 22. 
The high level voltage applied to the gate line driver 24 increases as the 
resistance of the thermistor increases. 

As noted above, the* resistance of the TFT MN decreases as the 
ambient temperature increases leading to the charge characteristic as 
shown by the characteristic line 32 in temperature region TA2 of Fig. 3. 
This embodiment compensates by reducing the voltage applied to the gate 
line GL, i.e., the voltage applied to the gate line having the voltage 
characteristic as shown by characteristic line 30 of Fig. 3. 
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By using a negative temperature coefficient thermistor, the resistance 
of the thermistor THR in Fig. 5 decreases as the ambient temperature rises. 
Thus, as the ambient temperature rises, the high level voltage applied to the 
gate line GL by the gate line driver 24, when the signal Vgh is applied, falls 
5 accordingly, thus reducing the voltage applied to the gate line GL. 

Conversely, the resistance of the TFT MN increases as the ambient 
temperature decreases leading to the charge characteristic as shown by the 
characteristic line 32 in temperature region TA1 of Fig. 3. In this situation, 
the resistance of the thermistor THR increases as the ambient temperature 
10 falls. Thus, as the ambient temperature falls, the voltage applied to the gate 

^ line GL by the gate line driver 24, when the signal Vgh is applied, rises 

accordingly, thus increasing the voltage applied to the gate line GL. 
U The end result is that constant charge characteristic, such as shown 

m by the characteristic line 34 in Fig. 3, is maintained, and the image display 

L5 does not deteriorate. 

hi Figs. 6 and 7 show alternate examples of the gate line controller 28 of 

□ Fig. 5. Fig. 6 show a similar voltage divider circuit configuration as in Fig. 5, 

except that a positive temperature coefficient thermistor is connected from 
the voltage converter 12 and a resistor Rl is connected between the input to 
20 the gate line driver 14 and ground. The alternative in Fig. 7 is similar to Fig. 

6, except that a negative temperature coefficient thermistor is used in place 
of the resistor Rl. In both configurations, like the configuration shown in 
Fig. 5, as the ambient temperature rises and falls, the high level voltage 
applied to the gate line GL falls and rises, respectively. 
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As described aoove, according to the present invention, the amount of 
current or the level of the high level voltage applied to the gate line of the 
liquid crystal display panel is changed in accordance with the ambient 
temperature. This maintains a constant charge characteristic of the liquid 
5 crystal cell despite temperature changes. Accordingly, a light transmitting 

responses of the liquid crystal cell also becomes independent of the changes 
in the ambient temperature. As a result, the quality of the image display is 
maintained. 

Although the present invention has been explained by the 
10 embodiments shown in the drawings described above, it should be 

:5 understood to the ordinary skilled person in the art that the invention is not 

jz limited to the embodiments, but rather that various changes or 

yj modifications thereof are possible without departing from the spirit of the 

GO 

^ invention. Accordingly, the scope of the invention shall be determined only 

£5 by the appended claims and their equivalents. 
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